a' 



(19) 




Europfflsdies Patentamt 
European Patent Ofllce 
Office europton dee brevets 



■illlilUBH 




(11) 



EP 0 776 738 A2 



(12) 



EUROPEAN PATENT APPUCATiON 



(43) Data of publication: 

04^06.1997 Bulletin 1997/23 

(21) Application nurrber: 99203539.0 

(22) Date of filing: 144)1.im 



(51) Int CI.®: B25J 3/04, B25J 9/04. 
A61B 19/00 



(94) De^gnated ContractlnQ States: 
ATCHDEFRGBfTUSE 

(30) Priority: 21 .1992 US 823932 

(62) Document nurnt)8r(s} of the rarfierappllcation(5) in 
accordance with Art. 76 EPC: 
93903472>l/ 0623 066 

(71) Applicant: Sn INTERNATIONAL 

Meido park, Callfomia 9402&-3493 (US) 



(72) trventcr: Green, Ptinip S. 

RedMrood City, CaiHbmia 94062 (US) 

(74) RepreGenialive:Pi«vls,WilDamiyilcrnel Cameron 
etai 

IXYbungftOo., 
21 New Feller Lane 

London EC4A1 DA (GB) 
Remafte: 

This appRcalion was filed on 13 - 12 - 1996 as a 
divisional application to the application mentioned 
under INID code 62. 



00 
CO 



Q. 

UJ 



(54) An endosoople surgical Instrumefil 

(57) An endoscopic surgical instrunent (142) conv 
prising a control section and an insertion section, the 
insertion section being adapted to be Inserted Into a 
patient through a small incision (180): wherein the inser- 
tion section (145) oomprisea a forearm link (174), a 
wvfsi rmk (172) and an end effector (170). wherein the 
foreami (ink (1 74) has a proodmai end. a distal end and 
a forearm axis eodanding longitudinally from the proxi- 
mal end of the Idreann link (1 74) to the distal end of the 
fbreann link (174). the wrist link (172) has a prc»dmal 
end and a distal end and a wrist axis extendtfig from the 
dmal end of the Ibrearm link (174) to the distal end 
of the forearm link (174), ihe proximal end of the fore- 
arm Bnk (174) Is connected to the control section (143). 
thedistBl end of the forearm Dnk (174) Is connected to a 
pi^rtal wrist joint and the proximal end of the wrist link 
(1 72) is connected to the pivotal wrist Joint and the distal 
end of Ihe wrist link (172) is connected to the end effeo- 
1or(170), characterized in tfiat the control section com- 
prises a plurality of control motors and Unkages (182, 
184, 188. 188} adapted to operato the insertion section 
wHh at least llvedegrees of freedom inducing: insertion 
and retraction of a forearm link (174) atong the ibrearm 
axis and through the small Indslon (180); rotation of the 
forearm Enk (1 74) about the forearm axie; pivotal nxition 
off the foreamn link (1 74) about a first pivotal axis and a 
second pfvotal axis which are perpenKficular to each 
other and intersect the forearm axis at a pivot point 
acQacent the small incision (160); and pi^rtal nntion of 
a wrist Gnk (1 72) relative to the forearm link (1 74). 
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Dascrtptlon 

TMs inwention relates to an endoeoopic surgical 
instrunnent. 

TeleoperBting, which is weO known, includes the 
huinan psilbrinance of tasks at a rsfncte location using 
menlpubilora Telepresenoe includes prcviding the tele- 
operator with the same feedback and control that he 
woidd have were he actually at the worksite carrying out 
the operation with his own hands. Telepresence cpera- 
tk)n generally includes use of a stationary visual display, 
particularty a stereograpi^ visual dsplay of the remote 
workspace. Stereoscopic tdevtsion systems are wefl 
Known as shown, for SKample, In US Patent NuiT4)ers 
4,562,463 and 4,563,117 and in UK Patent AppBcatkm 
GB 2.040,134. 

Remote maniputatcrs enpkiying stereosoopfe TV 
viewing together with force feedback also are weB 
iviown as shown» for eDompleL In an article entitled. 
"Oontrolling Remote Man'qpulators Thiough Kineslh^ 
Coupling.* Beilczy et at. Gonputefs In Mecharical Engi- 
neering, Jlily 1983, pps. 48-60. and in an arlkde entitled. 
"Stereo Actantage for a Peg-ln-Hole Task Using a 
l=6rce-Feedback MnputatoT by EH. Spaia SPIe Vd. 
1256 Slereoscopk: Displays and Applications. 1990. 
pps. 244^254. in the Befczy et a) artida. forca-torque 
feedt)ack is dtedosed. Also, in US Patent Na 3.921 .445, 
a manipulator which includes force, torque and slip sen- 
sors of a type which may be enpkiyed with the present 
tnvenlK^ is shown. 

A tele-existence master slave system is diseased 
in an article entitled *Tele-E»stence Master Slave Sys- 
tem for Remote ^nipuiation (II)'. Twill, et al.. Pro- 
ceedings of the 29th Conference on Dedston and 
Control. Vol. 1 cf6.ppL 85-90. The system comprises a 
master ^^slem with a visual and audHory sen^tkm of 
presence, computer control system and an anthropo- 
morphic slave robot mechanism with an arm having 
eeven degrees of freedom. The operaloi^ head and 
arm movements are measured by the master motion 
measurement system In real time. S^nals are then sent 
to four cornputers which generate a command position 
of the slave head end arm movements to correspond 
with the operatoi^ head and arm movements. 

According to one aspect of the inventkxi there is 
provUed an endoscopic surgical instrument oomprising 
a control section and an insertion section, the Irrortion 
sectfcxfi being mlapted to t>e Inserted into a patient 
through a small incision to a tocation adjacent a work- 
site in the patient; 

wherein the ins&lion section convrises a fore- 
arm link, a wrist Bnk and an end effector, wherein the 
foreann Dnkhas aproodmal end. adtetal end and a lore- 
arm axis extending longitudinally from the pioodmal end 
of the forearm link Id the distal end of the forearm Dnk. 
the wrist link has a proximal end and a distal end and a 
wrist axis axlendhfig from the proodmal end of ttie fore- 
ann link to the distal end of the forearm llnK the prood- 
mal end of the foreamn link is connected to the control 
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section, the distal end of the forearm link is connected to 
a pivotal wrist joint and the proximal end of the wrist Enk 
Is connected to the pivotal wrl^ joint and th distalend 
of the wrist link is connected to the end effector, chamo- 
terized In ttiat: 

the control section oompdses a pluraTrty of control 
rrxslors and linkages adapted to operate the inser- 
tion sectksn with at least five degrees of freedom 
krduding: 

insertion and retractk)n of the foreamn link along the 
forearm axis and through the smaO Indsbn; 
rotatkm of the forearm link about the forearm axis; 
pivotal motion of the forearm link atxHJt a first piv- 
otal axis and a second pivotal axis which are per- 
pendicular to each other and intersect the Ibreerm 
axis at a pivot point adtaoent the smal Indsion: and 
pivotal motion of the wrist link relative to the fore- 
ann link. 

Aocordng to another aspect of the Invention there 
Is provided an endoscopte surgical instnanenl compris- 
ing an insertion section and a control section, the inser- 
tion sectkxi being adapted to tie inserted into a patient 
through a smaO inciskxi to a k)cation adjac^ a work- 
site in the patient: 

wherein the insertion section comprises a fore- 
arm link, a wrist link and an end effector; wfterein the 
forearm link has a proximal end. a distal end and a fore- 
arm axis extending longitucfinally from the proximai end 
of the forearm to the distal end of the forearm; the wrist 
[ink has a proximal end and a dstal end and a wrist axis 
extent&ig from the proximal end of the forearm to lha 
distal end of tfie forearm; the prosdmal end of the fore- 
arm link is connected to the control section, the distal 
end of the forearm link Is cormcted to a pivotal wrist 
joint; and tiie proximal end of the wrist link is connected 
to the pIvDtBl wrist Jdnt and the dtetal end of the wrist 
fink connected to the end elMor; characterized in that 

the control sectfon oonprfeee: 
meane for Inserting and retracting the forearm Enk 
along the forearm axis arvl through the small Inci- 
sion; 

means for rotating tfie forearm link alxxjl the fore- 
arm axis; 

means for pivoting the forearm link at)out a first piv^ 
otal axis and a second pivotal axis whfoh are per- 
pendicular to each other and intersect the forearm 
axis at a pivot point ac^roent the smal inddon; and 
means of pivoting the wrist link relative to the fore- 
arm fink so as to control the angle l>etween the fore- 
arm axis and the wrist axl& 

Thus manipulators tocaled at a worksite are con- 
trolled tyy hand-operated means at a remote operator 
oontrol station. End effectors at the manipulators are 
used for man^lating cbiects locatedtoawortapaoeat 
the worksite, and force-torque feedback is er^ployed for 
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transmitting back to the operator mechanical resistance 
encountered by the end effectors. Stereographic visual 
display means provide the operator witti an Image of the 
workspace, in accordance with the present invention, 
the Image is tocatedacfacent the hand-operated means 5 
so that the operator k»ol« in the d^ectbn of tt)e hand- 
operated mrans for vtowing the Image acfacenl the 
hand-GperatBd mears. Either a real or virtual famge of 
the workspace may be piovkled dxiiacenX the hand- 
operated means. Display means for display of a real 10 
image may be located adiacent the luund-operated 
meam for direct viewing of the real image bf the opera- 
tor. For display of a virtual image of the workspace, a 
ntinror is k)cated between the operator^ ^es and the 
harvkiperated means, kilhis case, display means pro- 19 
vide a real image which is inverted from top to botkmv 
whteh kiverted kmga is viewed via the mirror, whfch 
minror Diverts the in»ge and provides the operator with 
a virtual image of the worlcGpaoe, which appears to be 
k)cated adjacent the hand-operated means. By tocaUng 20 
the image of the workspace adjacent the hand<3perated 
mears the operator is pravkied with a sense that the 
end effectoiB and hand-operated means are sUbstan- 
tiaDy Integral deqjita the fed the erd eftadors are 
tocated at tfie worksite and the hand-operated means 2s 
are located at the remote opeiatoris staliorL A stereo- 
phonfe sound system may be Induded to provUe the 
operator with steieophonic sound trom the worloite. 
Vkfeo camera means are provided for viewing the work- 
space from which an image of the workspace is 30 
obtained. ^lioLis other senscxs and associated 
responders may be kxaled at the worksitB and opera- 
tor^ stalion, respectively, for transmis^on of pressure, 
tactile, heat, vibratton arxi similar inlbrnBtton for 
enhanced telepresme operation. ss 

Depending upon the appiicatioa cfifierent scaling 
nuy bo provided in the transmisson of information 
between the operator's statk)n arvf worksHa For axani- 
ple. for microassembly, micnmrgery and Ito opera- 
tions involving smaB part manipulation, optical and/br 40 
vkfeo magnificatkxi may be en^sfoyed to provkJe an 
enlarged 3-dimensional image for viewing by the opera- 
tor. With simlBr scafrig between the harxf operErted 
means artd manijpulatoiSk the perception of the operator 
is substantially Itiat which a miniature operator wodd 45 
have were he at the worhBlteL 

BRIEF DESCRIPTION OF THE DRAWINQS 

The Irwentkm, together wHh other objects arxl bo 
advantages thereof, will l>e k>etter urxleistood from the 
fdtowing description considered wHh the acoonpanying 
drawings. It wll t>e urKierstood ttmt the drawings are for 
purposes of illustration and example only, and ttiat the 
Invention is not Drrdted thereto In the drawfngstvvherein 55 
lilQ reference characters refer to the same parts in the 
severd views, 

Fig. 1 is a diagrammatic sftowing of a teleoperator 



system embodying the present invention including 
&de elevational views of a worksite and remote 
oontrd operator^ statkm; 

Rg. 2 is an enlaiged rear elevational view of the 
operator's station taken sdsstantially along tine 2-2 
d Figure 1; 

Rg, 3 Is an enlarged rear elevational view of the 
worksite taken substantialy along line 3-3 of Figure 

1; 

Rg. 4 Is a simpBiad sMe etevBtkx^al view which Is 
similar to Rgure 1 and showing dimensional rda- 
tbr^shlps between dements at the wortelte and 
elements at the operator's station; 
Rg. 5 is a diagranvnatlc view to Hustrate visual per- 
ception by a miniature virtual eye, and Rg. 6 is a 
diagrammatic view to iDustrate visual perception by 
the operator when Image magniffcatlon Is 
empk^fed; 

Rg. 7 is a diacpammalto view whtoh Is dmilBr to that 
d fHg. 1 but sftowing the tdeoperator system used 
tor tdepresence sisgery; 

Rg. 8 is a rear devsttond view of tfm operator^ da- 
tkmsfwwninFig.7; 

Rg. 9 Is a rear elevationd view of the workdto 
shown in Rg. 7; 

Rgs. 10 and 11 are fragmentary dde devattond 
views of nKXlified forms of operator's station and 
maniputertor, respectively, having increased 
degrees d freedom; 

Rg. 12isa6ide devationalviewofanxxlifiedform 
d operator^ statton wfierain dsplay means are 
positkxied for direct viewing t)y the operator; 
Rg. 13 is a rear devationd view of tfie modified 
form d operator's statton shown In Rg. 12; and 
Rg.1 4 sfiows a frEigm&itary portton d the inseftion 
portion d an endoscope Ibr use with the present 
inventfon. 

Reference now is made to Rga 1-3 wherein the 
teleoperator system is shown to include an operators 
statton20(Flc^ 1 and2)andworkBite22(Flga 1 and 
3). An operator 18 at the operator^ station controls 
manipulator means 24 at the renrxite workdto. Manipu- 
lator means 24, compri si ng right and left madpdatora 
24R and 24U respecHvely^ are used for manlpdating 
dsjeds, such as ob|ed 26 whfoh is shown located on a 
platform, or base, 28 within a wortapace 30 shown in 
broken Ines. For purposes d lllustratkm only, and nd by 
way d limitation, the right manipulator 24R is shown to 
comprise a houskig 32R afftxed to base 28 and from 
which housing a tdescoptc arm 34R extends. The inner 
end 34R1 d arm 34R is mounted tor pivotd mov e me n t 
to any pivolHl dlrectton using converrtiond nrxxmting 
means. For ecarrple, the inner end d arm 34R may be 
mounted for pivotd movement about a horizontd plvd 
axis 36 wfttch pivd a»8» in turn, is adapted for pivotd 
movem ent about vertlcd axls3& 

Arm 34R indudes tdescoplc Inner sectton 34R1 
and outer section 34R2. which outer sectfon is adapted 
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both for ax^ mGvement into and out of inner section 
34R1 and fa fX>tation about its tongitucfinal axi& An en^ 
effector 40R is canied at the outer end of ttia arnf) which, 
fdr purposes of ilustratm, is shown Id comprise a grip- 
par. Motor nriaans, net showm, control pivotaJnxiv^^ 5 
Of arm 34R aboi4 pvot axes 36 and 38^ axial and rotary 
movement of outer ami section 34R2 along and about 
the longitudinal axis of Ihe arm. and opening and dos- 
ing of gripper 40R. The motor means, together with 
motor oontrol drcuits for oonlrol of the motors* may be to 
included in housing 32R. The motors are under control 
of a computer 42 connected thereto thnxtgh right 
manipulator interface 44R and the at)ove-mentioned 
motor control drcuitBw 

The left mamputotor 24L is of substantially the i5 
same design as the right mai^xilator 24R and the «ttne 
reference numerals, but with the suffix L Instead of R. 
are used to identify simiiar parts. For purposes of Sus- 
tratlon, the M end efffedor 4(X., shown In Fig. 3, Is seen 
to comprise cutting tilades which opeiate to cut in the 20 
manner of a pair of sdssor blades. 

The worMte is provided with a pair of video cam- 
eras 46R and 46L for viewing workspace 30 from differ- 
ent angles for production of stereoscopic signal outputs 
therefrom at fines 48R and 48L The angle 7 b^ween 29 
the opScai axes of the camerae shown In Fig. 3 is sul>- 
stantially equal to the operatoi's interocular viewing 
angle y of an image of the worl«pace as shown in Fig. 
2. 

The video camera outputs at lines 4aR and 4dL are 3o 
supplied to an image mennry 50 for momentary stor- 
age of video fields of right and left images from the canv 
eras. Fields of right and left images from image memory 
50 are ajtoDateiy si^splied throu^ leftAlght switch 
means 52 to visual dSF^ay means 54, wth as a televi- as 
slon monitor, for attemate display of the two tnmges at 
the face 54A of the nxmitor. Timing and control nteans 
56 provide Umlng and oontrol signals to various ele- 
ments of the systeiTK including elements inc l uded in the 
stereographic display system^ for signal liming and cow 4o 
tiol of the system. If digltBl storage means 5D are 
employed, then conveision of the camera signal outputs 
to digital signal form bf analog to digital converter 
means prior to storage, and conversior) of the digital sig- 
nal ou4)ut from MtfrightswHchrneans to analog signal 4B 
form in preparation fer display at monitor 54 may be 
employed. 

An electrooplical device 58 at the face of the cfispiay 
means 54 controls polarization of light received from 
display means 54 under control of a leftAi^ synchro- so 
nizing sigral from liming and control unit 56. The left 
and right image fields are viewed by operator 18 wear- 
ing a pair of passive polarized glasses 60 having right 
and left polarizing elements 62 and 64 polarized in 
orttngonal directions. The polarization of light from dis- ss 
play 54 through electrooptical device 58 is synchronized 
field by field such thai the rlfi^ field Is ooduded from the 
left eye and the left field Is oodudedltam the ri^ eye 
for stereographic viewing by the opeRator. Other means 



for stereographic viewing of left and right image fields 
are well known, inducfing, for example, those using 
active stereographic glassas» which may t>e used In the 
practice of this invention to provide the operator with a 
stereoscopic view of the remote wortepaca 

The vertical deflection ccSi connections for monitor 
54 are reversed, causing tfie morntor Id scan from txit- 
tom to top ttierety creating a top^otottom inverted 
Image 301 of worfcpaoe 30. Letters a, b, c and d are 
used to Identify oorresporxSng comers of the work- 
Gpace 30 and inverted wori^s^^ce image 301. The 
Inverted workspace Image 301 Is viewed by fhs operator 
via a mirror 66 at the top of a tatyle 68, which minror 
inverts Image 301 to return the bnage as viewed by Ihe 
operator to an upright position. Looking downwardly in 
the (firection of the mintx; the operator views a virtual 
Image 30V of workEpaoe 30. In accordance with one 
aspect of Ihe present invention, the image vioMied bf the 
operator, which In the Fig. 1 -3 entaiiment comprises a 
virtual image, is located adjacent controler means 70 
used by the operator for oorrirol of man^lator means 
24atthewDrl6ita 

Controller means 70 are shown located beneath 
the tatsle top 68 and Include ri^ and left controllers 
72R and 72L for oontrol of the respective right and 1^ 
manlpUlaiors 24R and 24L The right and left conlrollere 
are of substantially the same (tesign so that a descrip- 
tion of one apples to t)Oth. As with the manipulators, the 
suffixes Rand L are used to (fi^ingui^ elements of the 
right controller from those of Ihe left controll^. For pur- 
poses of ilustration, and not by way of limitBlioa Ihe 
right controOer 72R is stYOwn to comprise a support 74R 
affixed to the bottom of tattle top 68 and from which 
hand-operated means 76R In tfie form of a telesoopte 
control arm, or stick, extends. 

The r^ht and left control arms 76R and 76L are 
provided with the same degrees of freedom as the 
associated mardpulatar arms 34R and 34U respec- 
tively. For example, the inner end of oontrol ann 76R is 
mounted for pivotal movement atxxit a ttorizontal pivot 
axisw corresponding to manlpulalor piw]t axis 36, which 
asdSb in turn, is adapted lor pivolal movement about an 
Intersecting vertical axiSb correspondkig to manipulator 
a»s 38. Control arm 76R also includes inner section 
76R1 and outer sedkm 76R2, which outer sectton Is 
adapted both for axial movement Into and out off Irvier 
section 76R1 and fa rotatkm about its longitudinal axis. 
It will t)e apparent Ifiat the oontrol arm 76R Is provkled 
with the same four degrees of freedom as the associ- 
ated man^Dulator arm 34R. AddHtonally, sensor means 
78R are focated ad|acent the outer end of outer arm 
section 76R2 for use in controlling grippng action of 
griper 40R. Similar sensor means 78L adjacent the 
outer end of control arm 76L are adapted for use in con- 
trolling operation of scissor blades 40L 

Right and left controilere 72R and 72L are included 
In a servomectianlsm system wherein mechanfcal 
motlcn of oontrol arms 76R and 76L controls the pod- 
tkm of manipulator arms 34R and 34L. and pressure on 
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sensor means 78R and 78L controls opening and dos- 
ing of end effectors 40R and 40U respectively. In Rg. 1 , 
right and lefl hand controller Interfaces 80R and 60U 
respectively, are shown for connection of the controllerB 
to oomputer 42. Servomechanlsms tor oontrol of 
mechanical motion at a remote location are wen loiown, 
inducing those which provide force and torque feed- 
back from the manipulator to the hand-operatBd control- 
ler means. Any suitable prior art servomechanism may 
be used h the practice of the present invenlioa with 
those incoiporating force and torque feedback being 
parlkularly preferred for telepresence operaSan of the 
system. In the illustrated system, rigtit and left micro- 
phones are included at the worksite, outputs from which 
nocrophcnes are anplHied by right and left ampOffers 
and supplied to right and left speakers at the operators* 
st8tk)n for providing a Gtereophonto sound oi^MJt lo pro- 
vide the operator with an audk) perspective present at 
the workspace. In Fig. 1, only the rigtit channel of the 
stereophonic system Is shown Indudng right micro- 
phone 82R. right amplifier a6R and right speaker 88a 
The left microphone arvl speaker are located dbectly 
behind the respective right microphone and speaker at 
the wortofte and operator^ control station as viewed In 
Fig. 1 . Ok^nousiy, earphones may be provided for use by 
the operator in place of the speakere which would help 
tolsloGkout external noises at the opefHk)r^oorftn4 sta- 
tion. Also, in Fig. 1 a li^ shield 54B at the monitor is 
shown for bkxMng dtrect viewing of the nxMiitDr face bjf 
the operator. 

Reference now Is made to Rg. 4 wherein a sinrpli- 
f led da gi am mali c view of the system illustrated in Figs. 
1-3 is shown and wherein various lengths and angular 
positions ate identified t>y reference characters. In Fig. 
4, the optical path length l>etween the cameras and a 
point F at the woricBpaoe is Identified by ref^enoe char- 
acter L A corresponding path length between the oper- 
etor^ eyee and point F at the virtual knags of the 
wort«8pace is identified by the distance mt» where a ie 
the distance from the eyes of the operator to mirror 66^ 
and bis the dislanoe from the mirror to poH Fat the vir- 
tual image. Other dimenstone shown include the height 
Q of the cameras above the pivot point of nmnkiulafeor 
arm d4R and correspomfng height g of the cperatorls 
eyes above the pM)t point of control arm 76R. With the 
oontrol arm 78R at length d. the manlpulBlor arm 34R 
adjusts to length D. Simitarty. with the control arm 76R 
at an angle Pa wHh the vertical, tfie manipulator arm 
34R is positioned at the same antfio from vertical. The 
angle IhOTi vertfcal at whteh the cameras view the work- 
space and the eyee view the virtual image of the work- 
space is identSied by a. 

Between elements of the worksitB ard operator sta- 
tkm, the folk>wing relationships pertain: 

a+b-kL. (1) 

d-kD.and (2) 



gokQ (3) 

where k is a scale factor constant. When k 
equals 1 such that a-f b-L, d>D and gsQ, no 

5 sMJng of %wrksHe dimenstons Is required. 

Any scale factor may be empkiyed, the Inventkm 
not being limited to lijil-scale manljoulatkm. For eocam- 
ple. the worksite can be small, including microscopic in 
sizOi in which case the optical parameters, including dis- 

10 tance to object, kiterocular (Mance and focal length, 
and mechanical and dimensional parameters are 
appropriately scaled. 

By using approprale scaBng and magniica- 
tkmarxJ force and torque faedbacK and by locating the 

15 image 30V of the w^cBf^ce 30 adjacent hand-oper- 
ated control means 76R and 76U the operator is pro- 
vkJed with a strong sense of directly oontroDIng the end 
effectors 40R and 40L The operator is provided with a 
sense ttiat lha end effectors 40R and 40L and respec- 

23 tive control anrnsTGR and 76L are eubstantialy integral. 
TTds same swse of togetfiemess ol the harvi-opeiHted 
control means and end effBdors Is not provided ki prior 
art arrangements wherein the image viewed by the 
operator is not located acfaoentlhe farvl-opefBled oon- 

25 trol m^na Even wt>ere the prky art include stereo- 
scopic viewing and force and torque feedlsack, there is 
a fe^ng of cfisconnectedriess of the hand motions from 
the visual image object being worked upon. Hie present 
Invention overconres this sense of dsoonnectedness by 

30 beating the workspace image whm the operator^ 
hands appear to axarcise direct control over ttie erxi 
effectors. 

For smaft-scale man^latfon, such as required for 
surgk»l appltoatlons, It Is desired to repBcate the visual 

as experience that a mmiatureok)serverwoiM have were 
he ctoselyac|acent the actual worlcBite. In Fig. 5b the vfr- 
tual eye 90 of a hypothetical miniature observer is 
shown viewing an actual workBpaoa Light from a 
source at a point X, X Z in the actual workspace pro* 

40 duoee a stimulus on the miniature obsen^ eye 90 at 
a point ktentified as X/M. In Fig. 6^ an eye 92 of an 
actual operator ie shown viewing an enlarged image off 
the virtual workspace produced by means off a video 
camera 94 used to view the actual workspaca The aius- 

45 trated camera Inckides a light-receiving lens 96 and 
solkl state Imaging devtee such as a charge^coupled- 
device (CCD) array 98 where the point light source at X, 
Y, Z Is shown im^ed at point X|, Y|. Zj. With coned 
scaf ng, a corresponding light source is pr o duced at 

so point MX|, MYi. MZ| at either the real or apparent posi- 
tion of the face of the visicU display which, due to stere- 
oscopic operation of the system appears to the operator 
to originate from point MX. MY, MZ corresponding to 
point X,Y^ at the actual workspace. At the retina of the 

65 actual eye92. a stimulus Is produced at point X* at pro- 
portionately the same position as point X/M at eye 90 off 
the hypottmtkal observer. This relatiorBhlp Is ensured 
by selecting a corradly scaled camera distance and 
lens focal length such that lite optical magnification 
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» M/My where M is the desired overal magnifica- 
tion and M^, re the video magnification. A typical video 
magnification, which equals the ratio of the CCD- 
array 98 width to the di^>(ay width, 18 about 40. 

Raference nowr is made to Figs. 7 through 9 5 
wherein a modfied form of this invention is stiOMm for 
medical use. HerOi r^ht and left manipulators 1 0DR and 
1 0OL are shown which are under control of right and left 
controllers 1Q2R and 102L respectively. Bements of 
the Imaging system are substantially the same as ttiose r0 
^nployed in the imaging system Illustrated in Figs. 1-3 
described above except tM an enlarged virtual Image 
1 04V of actual workspace 104 is provided for viewing by 
the oparator. Aiso, sarvcmachanism elements for con- 
nectioncftherightandl^contfOliefBl02Rand102Lto is 
the respective manipuiatorB 100R and 100L are 6ub- 
stantiaOy the same as those descrfl3ed atxive with refer- 
ence to Rgs. 1-3. In the illustrated arrangement the 
right and left mantpulatore are of substantlaOy ttie same 
construction as are the right and left oontrctf ers^ such 20 
that a descr^ition of one manlpulatGr and one oontroller 
apples to both. Again, suffixes R and L aiB used to dis- 
tinguish between right and left elements titereof. 

The nwriputators hdude outer control sections 
100RA and 100LA and insertion sections 100RB and 25 
lOOLB^ which kisertion sections are adapted for Inser- 
tion into a body cavity through cyiindricaiiubes, or can- 
nulas, not shown. For purposes of illustration, the 
manipulBtors are shown inserted through the abdomen 
wall 106of a sut)ject As feweB understood, for kaparo- 3o 
soopic surgical procedures, wail 106 is separated from 
internal organs by insufflation wherein a gas is intro- 
duced into the abdomen tiy any suitdNe rrmars not 
shown. Manipulator motors and associated ntotor con- 
trol circuits are contained in the out^* control sections 3S 
1001^ and lOOLAofttie manipulators for control of the 
insertion section. The manipuiatorB, together with a 
laparoscope 108 fbr viewing organs wltiiin the cavHy, 
are carried by a fixed rai 1 10 forming part of a surgical 
table i<)on which the sUject is supported. 4o 

The Insertion sections 100RB and 100LB of the 
mamipulatofB may be of substantially the same design 
as manipulator arms 34R and 34Ldescnbed atxwewith 
reference to the Figs. 1-3 embodiment The insertion 
secttoTB are of relatively smal siza for use Inside the 4S 
bodyi Insertion section 100RB Includes telesoopic Inner 
section 112R1 and outer section 112R2; which outer 
section Is adapted for k)oth aodal rrtovoment Into and out 
of inner section 112R1 and fbr rotation about its longitu- 
dkialaxis. End effectors 1 14R and 1141. are carried at so 
the outer ends of the respective right and left sections 
112R2 and 112L2 for manipulation of organ 116. The 
Inner section 112R1 is adapted for ptvofal movement 
about intersecting perpendicular axes located substan- 
tially at point P where the Insertion section Intersects ss 
wall 106. Exctusivo of operation of end effectors 114R 
and 114Lttie manipulator arms each are provided with 
four degrees of freedom, the same as In ttie entxxfi- 
mentehown in Figs 1-3. End effectors 114R and 114L 



simply rnatf cdTprise, essentially, microsurgical instru- 
ments with their handles removed including, for eaom* 
pie, retradOfSk electrosurglcal cutters arvi ooagulators. 
microforceps, microneedle holders, cSseecting scissors, 
bladesi lrrlgalofS» and sutures. 

Laparoscope 108 tor viewing the worfcspaoe 10418 
shown comprising an outer operalfrig section 106A and 
insertion section 108a The outer end section 120 of 
Insertion section 108B is axlally and rotatabiy movable 
within the Inner end 122 thereof, and is presided wftii a 
pair of image transmission windows 124.124 for stereo- 
scopic viewing of worlspaoe 104. The laparoscope also 
Is provided with illuminating means, not shown for illumi- 
nating the wortepaoek and with Iquid Inlet arxl outtet 
means, not shown, for flow of liquid past the windows. 
Vid^ camera means within section lOdA are respon- 
sive to Dght received tivough tiie viewing windows for 
generation of left and right electronic images at output 
Unas 48R and 48L for connection to Image memory 50. 
A nf^ignified 3-dimen8ional image 1041 is produced at 
dkplay means 54 for viemrihg by the operator wearkig 
aossrpolarized glasses 60 via mirror 66. As wfth the 
embodiment shown in Figs. 1-3, a virtual inrtage 104V of 
the woriopace 104 Is produced adjacent oorM arms 
130R and 130L of oontroOers 102R and 102L Control 
arms 130R and 130L are of the same type as control 
arms 76R and 76L included in die Figs. 1-3 embodi- 
ment descrbed abova They include telescopic inner 
and outer sections 132R1 eind 132R, and 132L1 and 
132L2. Sensor means 134R and 134L located adiacent 
the outer ends of the control arms control operation of 
end effectOTB 114Rand 114U respectively di the man- 
ner described atxive wHh reference to Figs. 1-3. It here 
wU t>e noted that tiie angle from vertical at which the 
image is viewed by the operator need not equal the 
angle Itom vertical at wfiich the object is viewed t)y the 
cameras. In ttie arrangement ilustrated in Figs. 7-9, the 
operator is shown to view tfie image 104V at an ar)^e e 
from vertical (Fig. 7) whereas the ok^ect 116 is shown 
as viewed directfy downwardly Witt) no external refer- 
ence, the sense of vertical wMMh a boc^ Is not particu- 
larly great and no contusion is prodkiced in the nrM of 
tfm operator as a result of tin different observer and 
camera vieiMng angles relative to vertical 

With the Rg& 7-9 embodiment not only Isa magni- 
fied virtual Image 104V of the workBpace provided for 
viewing by tiie operator, but control arme 130R and 
130L of greater lengtii than tiie lengtti of tiie manipula- 
lor insertion sections lOOFlB and 100UB are enployed. 
Servomecfianism scaling of axial movemwit of tiie tele- 
scopic control arms is pnvided such that anal exten- 
sion or retraction thereof resutts in a smaller exten»)n 
or retraction of tiie telescopic inserton sections Angu- 
lar pivotal motion of ttie control arms 130R and 130L 
produces the same angular pfvotal motion of insertion 
sections lOORBand 100LB, and rotational movement of 
tiw end sections 132R2 and 132L2 of the control anrs 
produces the same rotational motion of end sections 
112R2 and 112U2 of ttie insertion sections of ttie right 
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and I^marapulator8,imthout scaling. This mbocfiment 
of the invention, wHh its magnified image, is 0^ 
use In the area of ndcroGurgeryi and especially in those 
cases where the surgeon cannot reach an area by hand 
because of size oonstralrrts. $ 

Ihe present invention is not limited to use with 
manipulators having any particulBr number of degrees 
of freedom. Maf^jutettors with different degrees of free- 
dom which are well known in the art may be used in the 
practioB of this InverrtionL In IHga 10 and 11, to which io 
reference now is made a controller 140 and manipulator 
142, respactlvBiy, are shown which Irx^iude a wrist Joint 
to pr(^nde the same with additional freedom of move- 
ment. TTie illustratod oontroOer 140 indudes a housing 
144 affixed to the bottom of taUe top 68 upon which is 
table mirror 66 is located. An enlarged virtual image 
146Vof actual wortepace 146lsprovid8dBc4acentth8 
operatoris hand 148 viewable by the operator when 
kxMng downwardly onto the minor 66 In a manner 
described abovoi. 20 

A control arm 150L oomprtsing Inner and outer sec- 
tions 150L1 and 150L2, respectively, is mounted witHn 
housing 144 for pivotal movement in any pivotal direc- 
tion as Indteated bf intersecting double-headed arrows 
1S2 and 154. IhQ outer section 1S0L2 is adapted for 25 
asdal movement into and out of Inner section 150L1 in 
the direction of double-beaded arrow 156. It also is 
ada|3ted for rotation about its longituSnal axis in the 
direction of doii)le-headed arrow 158w In this emtiodi- 
mertt, the control arm includes an end section 160 piv- so 
olally attached to outer sectkxi 1 50L2 by wrist joint 1 62 
for pi\^}tal mov em ent in the direction of doutile-headed 
arrow 164. End section 160 comprises axially afigned 
inner arvl outer sections 160A and 160B. the outer sec- 
tion leOB of which is rotatable about itBlongitudbialaxie as 
In the direction of double-lt)e8ded arrow 166. As with the 
above-de8crit}ed anangementSt sensor means 168 are 
located adfaoent the free end of the control arm lor 
operation of an end effector 170 at manpulalor 142 
shown in Fig. 11. 40 

Referring to Fig. 11, mi effector 17D is shown to 
compriee a pair of movable jaws attached to a wri8tl72 
oofiyrl si ng axiaDy aligned Hhto 172A and 1728^ Outer 
link 172B ie lolatBble about its longitudinal axis lelative 
to Inner link 172A by motor means» not shown, in the 45 
direction of double-headed arrow 166M in response to 
rotation of section 160B of the hand-operated contnol 
unit in the direction of anew ^GS. Wirist link 172A Ispiv- 
otaliy attached to nmiipulator forearm 174 for pivotal 
movement in the direction of dodble-headed arrow bo 
164M in re^xxise to pivotal movement of end section 
1^ of the Iwid'Operated control means akxxjt pivot 
axis 162. Forearm 174 Is longitudinally axlalty movable 
in the Erection of double-headed arrow 156M in 
response to axial mo v ement of outer section 15012 of S5 
control arm 150L in the direction of double-headed 
arrow 156. It also is roiatable about Us kxigitudlnal axis 
in the direction of double-headed srow 158M in 
response to rotation of outer eectton 150L2 of contiol 



arm 150L in the direction of double-headed arrow 158. 
AdcfitionaDy. It is pivotally movable about point 176 in the 
directions of doUble^ieaded arrows 152M and 154M in 
response to pivotal movement of control arm 150L in 
the directhxis of double-headed arrows 152 and 154^ 
respectively For biomedical uee^ such as remote lapar- 
oscopic surgery^ pivot pokit 176 Is sttetantialy tocaled 
at the level of abdominat waB 178 through whkdi ttie 
nnaniputator extends. In Fig. 11. mar^Hilator arm 174 is 
shown eRtending through a cannula 180 which pene- 
trates the abdominal wall. 

The outer operating end of the man^lator is 
adapted for attachment to a supporting rail, not shown, 
of the surgery table uxm wHdi the sut^ect Is sup- 
ported. It includes an effector drive motor 182 for 
opening and cfosing of griper 170. Wrist drive motor 
184 controls pivotal movement of wrist 1 72 in the (freo- 
lion of double-headed arrow 164M, and extension drive 
motor 186 oofitrols axial movement of manipulator arm 
174 in the direction of double^ieaded arrow 156M. 
Forearm |3ivo1al control motors ani llrtogeSb Identified 
generaly by reference numeral 188» provide for phntal 
movement of amn 1 74 about piMxt point 1 76 in the direc* 
Hons of arrows 152M and 154M. Ptvotal mofion about 
point 1 76 IS provid ed by simultaneous lateral moveme nt 
of the outer operating end of the manipulator and plwtal 
moven^nt of arm 174. Movements are coordinated 
suchthatthecenterof rotation of forearm 174isf Dced in 
space at point 176 at the level of the alxiominal wall. 

Controller 140 and manipulator 142» are included in 
a system such as stiown in Figs. 7, 8 and 9 which 
includes a second contrder and manipulator for use by 
the operator^ right hand, and associated servomecha* 
nism means of any sidt^>le type, not shown, lor remote 
control of the manipulators by the hand-operated con- 
trollers. Video camera means at the worlsttBi such as 
shown in Fig. 9, together with dteplay meane» euch as 
shown In Fig. 7. are empksyed tor providing the operator 
with an image of the wortopaoe at a location adjacent 
tfie left and right handcperated control means. By 
using manlpulalore wHh a wrist joint an added degree 
of freedom ie prorided for increased maneuverability 
arvl usefukiasa thereof. However, as noted atxwe^ the 
present irwention is not limited to use with manipulalors 
with ariy partfcular degree of freedom. 

R^encenowismadetoFlgs. 12 and 13 ¥vfwrein 
a modfied form of this ffivenlion is shown which pro- 
vktes tor (firect viewing of a 3-d u iwnblonal image 2401 of 
a workspace, not Ghowva In Rgs. 12 and 13, only the 
cperator^ station Is shown, which indudes right aixJ left 
controlers 242R and 242L and associated rifitn and left 
hand-operated means 244R and 244L which nf^ be of 
the same type as controllers and control arms 
descnbed above. The op&ator's station is adapted for 
remote control of manipulators which also may be of the 
abovedeecrft^ed type. The 3-dimen8ional image 2401 of 
the wortapaoe Is provided by visual display means 246 
h coi^ncllon wHh et eclrooptical device 58 at the llEtce of 
the display meane and oms-polarized glasses 60 worn 
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by the operator, to which display means left and right 
video fields from left and right video cameiBS t^ 
the wortospace are alternately supplied, all in th rran- 
ner described in detail atxve. End effector and object 
images 248 and 250. respectively, are shown wHhIn the 5 
workspace image as viewed by video cameras at the 
worksHa Tha display means 246 Is located ad^oent the 
left and right hand-operated means 244R and 244L Ibr 
cfirect viewing by the opeiator. With this arrangement 
the end effector and cbjed images together with the la 
tmnd-operated rr^ans 244R and 244L are simultane- 
ously viewable by the operator. Since the hand-oper- 
ated means also are visible, the operator is provided 
with a visual sense off connection between the end 
effector means and hand-operated means whereby 19 
they appear substantialy as b^ng mt^ral. 

Reference now Is made to Fig. 1 4 wherein the distal 
end portion, or t^ 260 of the insertion section of an 
endoscope is shown whtah Is of substantiaily the same 
type as shown in the above-mentioned publication enih 20 
tied Introduction to a New Prafect for IteHonai 
Research and Devetopment Program (Large-scale 
PrajecO in FY 1991* which endo s c op e may be used in 
the pr»:tice of the present Invention. The insertion end 
of the endoscope Inditftes a patf of Gpaced viewing win- 25 
dow8262Rand262Landani]ijmlnatlon source 264 Ibr 
viewing and iOuminaling a workspace to be deserved. 
Light received at the windows is focused by objective 
lens means, not shown, and transmitted through f93er- 
optic bundles 10 a pair of cameras at the operating end ao 
oif the endoscope, not sfiown. The camera outputs are 
converted to a 3-dimensional image of the workspace 
which image is located adjacent hand-operatad means 
at the operator^ station, not sfiown. Rigtrt and left steer- 
able catheters 268R and 268L pass through accessory as 
ctiannels In the endoscope body, which cathe t ers are 
adapted for extension from the distal end portion, as 
illuslraled. End enodors 270R and 270L are provldad at 
the ends of the cafhetevs which may comprise conven- 
tional endo sc op i c instruments. Force sensors, not 40 
shown, also are inserted through the endo s cope dian- 
nele. SteeraUe catheters which include control wires for 
controllng bending of the catheters and operation of an 
end effector suitable lor use with this invention are wefl 
krrawn. Control rTio(Drsfc)r operation of the oorrtiol wires 4B 
are provided at the operating end of the endoscope, 
which motors are included in a senmechanism of a 
type deecrt)ed above for operation of the steersbie 
catheters and associated end effectors from a remote 
operator's station. As wHh the otiier embodiments^ the so 
intotadng compute' in the servomecfianism system 
remaps the operator^ hand motion into the cooidinate 
system of ttie end effectors, and Inmges of ttie end 
effectors are viewable adjacent the hand-operated con- 
tR>llers In a nmner described abovaWltti tills entxxti- ss 
ment, the operator has the sensation of reaching 
through ttie endoscope to put his hands directly on the 
end effectors Ibr control thereof. Endoscopes of differ- 
ent types may be employed in this entocSment of the 



invention so long as they include one or more accessory 
channels for use in control of end effector m^ms. and 
suitabfe viewing means for use In provUIng a vlaal dis- 
play of the workspace. For example^ gastric, cok>rh 
scopic. and like typMBb endoscopes may be empkiyed. 

The invention having been desoted in detail in 
accordance witii requirements of the Paterrt Statutes, 
various other cfianges and modifications will suggest 
tiiemselves to those skiiled in this art For eocample. as 
noted above, the kiventfon may Indude the use of tactile 
feedback to provide the subtle sensa&His for palpation 
and for mar^pulating tissues and Instruments. Tb pro- 
vide tNs feecfixick. tactile s&mor arrays may be 
Included on the end effectors whfch are coupled to tac- 
tile sensor stimulator arrays on tiie hand-operated cor^ 
trol means, which reproduce the tactile sensation on tiie 
operator^ hands. A variety of transduction technologies 
tor teleoperator tactile sensing are Irown MuSng 
restettvBtoonductive^ senrioonductor, pleioelectric 
capacitive and phoMectria Hand-cperated control 
means and martipidaiors of dHferent ^fpes may be 
employed using a wMe variety of well-known mecfia- 
nisms and electromechanical elements including, for 
ocannple, ^mbals, lintages, pulleys, catsles^ drive l>eits 
and bands, gears, optical or electromagnetic position 
encoders, and angular and linear motors. Force feed- 
back to ttie operator reqiires use of body contact with 
hand-cperated control means. &3th hand grp type hand 
controllers such as those iHustrated, snd conbol brace 
type hard controlers are wel adapted for use witti tiie 
present invention for force feecfoack to ttie operator. 
Control brace hand controflers include use of structuree 
wfth poative sensors mounted on ttie operator at Joints 
tor measuring Joint angles. l=6rcefBecft)Bckttiencant>e 
applied to each joint SimSarty, tight fabric gloves witti 
variable-resistance or fiber-optic flex sensors mounted 
on ttie joints for measuring bending of individual fvigers 
may be used. Gtoves of tttis type also may kw provkfed 
witti force feedback to provide for telepresence interac- 
tion wHh real obiectB. Regardless of tiie ^ of hand- 
operated control means envtoyed, an Image of the 
woric pa c e is produced adjacent tiiereto to prowde tiie 
operator witti a sense that the end effector means and 
hanc^cperated control means are substantially integral. 
Ato as noted above, servoroechanisnrB of many differ- 
ent types are wed known In tiie robotic and tetooperator 
system arts, and the invention is not fimited to any par- 
ticular typa Those that include force and torque feed- 
back to ttie operator are preferred to oontrtouto to a 
telepresence sense of operation. In addition, many dif- 
feroTt means for producing a stereoscopic image of tiie 
w or kspace are known. For example, instead of using 
two cameras, a single camera may be emptoyed 
together witti switched crossppdarizing elements in tiie 
Image rsceiving patti. in tills case, a pair of spaced ster- 
eoscopic lenses are used for viewing tiie Mrk«pace 
from dtftarent angles and provtiing first and second 
Images tiiereof to ttie camera. In ttie Fig. 9 arrange- 
ment wherein a laparoeoope is shown, other types of 
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enctoscopes may be used for viewing the woiiopaca As 
noted above, the inventkm is not limited 
application or usa In the biomedical field, uses induda, 
for exan)ple. open eurgery, including surgery from a 
remote locatioa mlcraeurgery. and minimum Irwaslva 5 
surgery such as laparoeoopic and endoscopic surgery. 
Laboi^tory use Including nicroscapic manipulation al^ 
is oonten^rfatBd. industrial use of the Invention include^ 
fbr example^ hazardous materials handiing^ remote 
operalionSk microassembi); and the lika Military and 10 
underBea use of the teleoperator system of this system 
are apparent 
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Claims 

1. An endoscopic surgical instrument (142) compris- 
ing a control section (143) and an insertion section 
(145). the insertion section (145) being adapted to 
be inserted into a patient tfvough a small Incision 
(180) to a location acdfacent a worksite (22) in the 
patient; 

wherein the imrtlon section (145) com- 
prises a fdrearm link (174), a wrist link (1 72) and an 
end effedor (170). wherein the loreann link (174) 
has a proximal endL a distal end and a forearm axis 
flodenjing kmgitudnally from the prcodmal ervi of 
the forearm fink (174) to the dtetal end of the fore- 
ann link (174). the wrist link (172) has a proximal 
end ard a distal ervi arxl a wrist axis flxtendino from 
the proxinral end of the forearm link (1 74) to the dis- 
tal end of the forearm link (1 74). the pnadmal end of 
the forearm link (174) is connected to the control 
section (143). the cfistal end of the forearm link 
(174) is connected to a pivotal wrist )oint and the 
proodnf^ai end of the wrist link (1 72) is connected to 
the pivotal wrist Joint and the distal end of the wrist 
link (172) is connected to the end effector (170). 
characterized In thai: 



the control section (143) conprisee a piurality 40 
ol control motors and llnlages (182, 1B4. 186. 
168) adapted fo operate the insertion section 
(145) wilh at least five degrees of freedom 
incWing: 

45 

IrKerlion and retractk)n of tfie forearm link 
(174) along the faearm axis and ttvough 
the small incision (180): 
rotation of the forearm link (174)ak)out1he 
forearm axis; bo 
pivotal motion of the forearm link (174) 
about a fiTBt pivotai aids and a second piv- 
otal axis whteh are perpendicular to each 
other and intersect the forearm axis at a 
pivot point adjacent the small Indston 55 
(180); and 

pivotal motion of the wrist link (17S9 rela- 
five to forearm Onk (174). 



2. The OTdoscopic sugical instrument (142) as 
descnbed in daim 1 wherein the wrist ink (172) 
comprises an inner link (172A) and an outer link 
(172B) and wherein the control section (143) is 
ad^ited to opeiBte the insertion section (145) wKh 
at least six degrees of freedom including movement 
of the outer Dnk (172^ of the wrist link (172) rela- 
tive to the Inner link (172/^ of the wrist link (172). 

3. The endoscopic surgical Instrument (142) as 
descrbed in daim 2 wherein the outer link (172B) 
of the wrist Dnk (172) and the Inner link (172A) of 
the wrist link (172) are axially aligned and wherein 
the control section (143) is adapted to rotate the 
outer link (172B) relative to the inner link (172A). 



4i The endoscopic surgical Instrument (142) as 
described in daim 1 wherein the end effector (1 70) 
comprises a flisi element and a second element 
and wherein the control section (143) is further 
adapted to move the fkst element relattve to the 
second elemenL 

5. The endoscopic sugksl instrument (142) as 
described in daim 2 wherein the end effector (1 70) 
oonprises a first element and a secorai eiemant 
and wherein the control section (143) is further 
adapted to move the first element relative to the 
second elemenL 

6. The endoscopic surgical instrument (142) as 
described in dam 1 wherein the end effector (170) 
oomprises a surg^ frtslrument (142) head 
selected from the group of retractors, electrosurgi- 
cal cutters, eiectrosuigical coagulators. forceps, 
neecto hokierSk sdssorSk blades arvi brlgators. 

7. The endoscopic surgical Instrument (142) as 
descrbed In daim 1 wherein the contrd sedkm 
(1 43) ie adapted 10 be fixed to a support rail (1 1 0) of 
a surgtoal table for support of the surgical manipu- 
lator during surgery. 

& An endoscopic surgical instrument (142) comprise 
Inganinsertkxi section (145)andaoontR)lsecflon 
(143), the Insertkm section (145) bekig edapted to 
be inserted into a patient through a small indskxi 
(180) to a kxstton acQacent a wort<site (22) in the 
patient; 

wherein ihe insertion sectkxi (145) oom- 
prises a forearm link (1 74). a wrist link (1 72) and an 
end effector (170); wherein the forearm link (174) 
has a proodmal end. a distal erxl and a forearm axis 
extencfing longitudinaily from the proximal end of 
the ibrearm to the distal end of the forearm; the 
wrist lir^ (172) has a proximal end and a distal end 
and a wrist a^dseKterxIngl^ the proodmal erxl of 
the ibrearm to the distal end of the foreamn; the 
proamal end of the foreanm link (1 74) ie connected 
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to the control section (143), the distal end of the 
forearm ink (174) is connected to a pvoial wrist 
joint; and the proximal end of the wrist link (1 72) is 
connected to the pivotal wrist joint and the distal 
end of the wrist Dnk (172) connectad to the end $ 
Sector (170); charadertzed In that: 

the control section (143) comprises: 

means fer Inserting and retracting the fore- to 
arm link (174) along the forearm axis and 
through the small Indsion (1K))> 
means for rotating the forearm link (174) 
Btxxit the forearm axis; 

means Ibr pivoting the forearm link (174) 75 
about a first pivotal a»s and a second piv- 
olal axis which are perpendkular to each 
other and intersect the forearm axis at a 
pivot point acQacert the smal tndston 
(180); and 20 
means for pivoling the wrtst ink (1 72) rela- 
tive to the fbrearm link (174) 80 as to oon* 
troi the angle t»tween the forearm axis 
and the wrist axis. 

25 

9. The surgical manipulalor as descrbed In claim 8 
wherein the wrist fink (172) comprises an inner link 
(172^ and an outer ink (172B) and wherein the 
control sectkxfi (143) further oomprises means for 
moving the outer ink (172B) of the wrist link (172) d0 
ralativB to the inner link (172A) of the wrist link 
(172). 

10. The surgical manipiiaior as descritied In dakn 9 
wheran the ou^ link (1 72B) of the wrist link (172) as 
and the Inner ink (172A) of the wrist link (172) are 
axially aligned and wherein the control sectkm 
(143) further comprises means for rotating the 
outer ink (172^ relative to the inner ink (172/^ 

40 

11. The 6urgk»l mantputalDr as descrbed in dahn 8 
wherei n the end effMor (1 70) oomprisee a first ele- 
nnnt and a second element and wherein the oon- 
trd section (143) further conprisee means lor 
moving the first element reiadve to the second ete- 4S 
mem. 

12. The surgteal man^xialor as descrbed In dalm 9 
wtiereinthe end effector (170) compriseeafirsteie- 
mant and a second elenrari and wherein the con- bo 
trol secton (143) further comprises means for 

moving the firet element relative to the second ele- 
ment 

13. The surgical man^Niator as de8crik>8d In daim 10 ss 
wherein the end effiector (170) conprising a surgi- 
cal Instrument head selected fkrom the group of 
retractors, electrosuigical cuttere^ eleclrosur^cal 
ooeguiatorSb lompe, needle hoiders. sdssorSk 



biadee and irrigators. 

14 The surgical manfAjlator as described In claim 10 
whmin the control section (1 43) further oomprlsee 
means fc>r mounting the control sedton (143) on a 
support rai (1 10) of a surgical table for supporting 
the surgk»l manipulator during a surgical proce- 
duroL 
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